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Introduction {#sec005}
============

Childhood physical activity is associated with numerous physical, psycho-social and cognitive health benefits \[[@pone.0235211.ref001],[@pone.0235211.ref002]\]. All levels of physical activity; LPA, MPA and VPA are important \[[@pone.0235211.ref002]\]. LPA contributes the most to overall physical activity and may be easier for children to engage in; however, higher physical activity intensity levels (MVPA) are consistently associated with greater health benefits \[[@pone.0235211.ref002],[@pone.0235211.ref003]\]. In this regard, the World Health Organisation (WHO) \[[@pone.0235211.ref004]\] and some countries such as United States of America (USA) \[[@pone.0235211.ref005]\], Canada \[[@pone.0235211.ref006]\], Australia \[[@pone.0235211.ref007]\] and United Kingdom (UK) \[[@pone.0235211.ref008]\] have established and revised physical activity guidelines for children. The international physical activity guidelines recommend children to accumulate at least 60 minutes of MVPA each day to acquire the health benefits. However, even with known health benefits associated with regular participation in physical activity, global estimates show that 81% of children aged 11 to 17 years are not sufficiently active \[[@pone.0235211.ref009]\]. In 2016, Sallis and colleagues found no evidence of global increases in physical activity \[[@pone.0235211.ref010]\]. A recent study on global trends in insufficient physical activity among adolescents also found that 4 in every 5 adolescents aged 11 to 17 years did not meet the current physical activity guidelines \[[@pone.0235211.ref011]\]. Also across Europe, a harmonized analysis of accelerometer-measured physical activity revealed that two thirds of European children and adolescents were not sufficiently active \[[@pone.0235211.ref012]\]. The global pattern of insufficient physical activity in children has also been observed in Sub-Saharan African countries \[[@pone.0235211.ref013],[@pone.0235211.ref014],[@pone.0235211.ref015],[@pone.0235211.ref016]\] particularly in urban areas. For example, in neighbouring Nairobi city results from the International Study of Childhood Obesity, Lifestyle and the Environment study (ISCOLE) showed that only 12.6% of the children 10 to 11 years old met the physical activity guidelines \[[@pone.0235211.ref017]\]. This is an indication that insufficient physical activity is still a current global public health problem. Findings from a recent systematic review and meta-analysis of longitudinal studies also showed that physical activity starts to decline in childhood \[[@pone.0235211.ref018]\]. Promoting physical activity during childhood is therefore a public health priority because this behavior persists into adolescence and adulthood \[[@pone.0235211.ref019]\]. However, a recent study on global trends in insufficient physical activity among children \[[@pone.0235211.ref011]\] and a publication on physical activity report cards from nine low-and middle-income countries (LMICs) \[[@pone.0235211.ref020]\], found a challenging data gap particularly in accelerometer-measured physical activity. Therefore, there is an urgent need for quality data to better describe children's physical activity and associated factors. Accurate measurement of children's physical activity is also key to continued surveillance and formulation of informed interventions and polices.

Technological advances in past two decades have increased the use of accelerometers to quantify children's physical activity \[[@pone.0235211.ref021]\]. Accelerometers are an alternative to self-reporting methods like questionnaires that are subject to recall bias and are not recommended for use among children because of their limited reading and comprehension skills due to their age \[[@pone.0235211.ref022],[@pone.0235211.ref023]\]. Recall-based measures may also not accurately capture the sporadic and short-burst patterns of children's physical activity and LPA \[[@pone.0235211.ref024],[@pone.0235211.ref025]\]. Accelerometers provide a valid and reliable measure of patterns as well as total physical activity among children \[[@pone.0235211.ref026],[@pone.0235211.ref027]\]. Despite the increase in the use of accelerometers to quantify children's physical activity in large population studies, especially in high income countries (HICs) \[[@pone.0235211.ref028],[@pone.0235211.ref029],[@pone.0235211.ref030]\], there are relatively fewer studies that have used accelerometers in low income countries (LICs) \[[@pone.0235211.ref011],[@pone.0235211.ref020]\]. Accelerometer-measured physical activity data was also non-existent in school-going children in Kampala city, Uganda. Theron and Santorino in 2009 used photographic methods to study physical activity of Ugandan youth in Mbarara and found that they participated in physical activity for 1 to 2 hours/week \[[@pone.0235211.ref031]\]. Analysis of self-reported secondary data from the Global School-based Students Health Survey (GSHS) showed that most Ugandan adolescents aged 13 to 15 years were inactive \[[@pone.0235211.ref032]\]. A pilot study among urban and rural school going children 10 to 16 years old from central Uganda, reported varied physical activity engaged in (such as active travel to school, sport-related, house chores and muscle-strengthening activities). However, the study used self-reporting measures \[[@pone.0235211.ref033]\]. Therefore, there was a need for accelerometer-measured physical activity data, to describe children's physical activity levels and identify the proportion of children who complied with the physical activity guidelines in Kampala city, Uganda.

Children's physical activity is consistently associated with various socio-demographic factors \[[@pone.0235211.ref029],[@pone.0235211.ref034],[@pone.0235211.ref035],[@pone.0235211.ref036]\]. Various studies that used both objective and recall-based measures of physical activity consistently reported sex differences in physical activity favouring boys \[[@pone.0235211.ref011],[@pone.0235211.ref017],[@pone.0235211.ref029],[@pone.0235211.ref034],[@pone.0235211.ref035],[@pone.0235211.ref036],[@pone.0235211.ref037]\]. Children's physical activity has also been found to decline with increasing age \[[@pone.0235211.ref018],[@pone.0235211.ref029]\], nevertheless non-significant associations have also been reported \[[@pone.0235211.ref038]\]. Physical activity is frequently reported to be lower among overweight/obese children \[[@pone.0235211.ref013],[@pone.0235211.ref029],[@pone.0235211.ref035],[@pone.0235211.ref039],[@pone.0235211.ref040],[@pone.0235211.ref041]\]. Studies on associations between SES and children's physical activity have generated inconsistent results. For example, in HICs, children from high socio-economic status (HSES) families were more likely to meet physical activity guidelines \[[@pone.0235211.ref034]\] whereas in LICs children from low socio-economic status (LSES) were more likely to meet physical activity guidelines \[[@pone.0235211.ref017]\]. Physical activity is also lower among children from families that own cars \[[@pone.0235211.ref042],[@pone.0235211.ref043],[@pone.0235211.ref044],[@pone.0235211.ref045]\]. However, there are inconsistent findings on the associations between parental education level and children's physical activity \[[@pone.0235211.ref017],[@pone.0235211.ref036],[@pone.0235211.ref042],[@pone.0235211.ref045]\]. Therefore, there is still need for more research assessing the sociodemographic correlates of children's physical activity levels, particularly in LICs countries like Uganda where little research has been conducted \[[@pone.0235211.ref011],[@pone.0235211.ref020]\]. The present study thus helped to identify children that required immediate intervention

To our knowledge, there is no study that has used accelerometers to measure physical activity levels among school-going children in Kampala city, Uganda. Therefore, the present study assessed the prevalence of accelerometer-measured physical activity intensity levels, compliance with the WHO, 2010 physical activity guidelines and sociodemographic correlates of physical activity among school-going children in Kampala city, Uganda.

Materials and methods {#sec006}
=====================

Design and participants recruitment {#sec007}
-----------------------------------

This was a cross-sectional study of a representative sample of school-going children aged 10--12 years old in Kampala city, Uganda. As children aged 10 to 12 years old are transiting from childhood to adolescence, they gain some autonomy in decision making which may be critical to declines in their physical activity \[[@pone.0235211.ref046],[@pone.0235211.ref047]\]. Kampala city is the capital and largest city in Uganda covering an area of 182 km^2^ with population of 1,516,210 residents from diverse ethnic groups and SES \[[@pone.0235211.ref048]\]. Kampala comprises of five administrative divisions, that is Nakawa, Makindye, Rubaga, Central and Kawempe \[[@pone.0235211.ref049]\]. Participants were selected using a multistage random sampling method. In stage one, we randomly selected two out of the five divisions (Central and Nakawa); from which 7 primary schools (3 public schools and 4 private schools) were randomly selected. One classroom from any one grade (5^th^ through 7^th^) was randomly selected and all children from the selected classroom, except those who had physical and health conditions that limited their participation in physical activity were invited to participate in this study. Ethical approval to conduct the study was obtained from the Uganda National Council of Science and Technology (SS4340) and Kenyatta University Ethical Review Board (PKU/619/1703). Permission to access schools was granted by the Directorate of Education and Social Services, Kampala Capital City Authority (KCCA). The respective school head teachers, approved the school's participation in the study. A parent/guardian provided written informed consent for themselves and their child in addition to written assent from the child. Data were collected during school sessions from May 2017 through August 2018

Measures {#sec008}
--------

### Accelerometry {#sec009}

Children wore a tri-axial ActiGraph GT3X+ (Pensacola, Florida, USA) accelerometer on the right hip using an elastic belt for 7 consecutive days including 2 weekend days. A 24-hour wear protocol was employed to increase compliance \[[@pone.0235211.ref028],[@pone.0235211.ref050]\]; and as such children were requested to wear the monitor all the time except when engaging in water-based activities like swimming and bathing. ActiGraph accelerometers are reliable and valid measures of children's physical activity \[[@pone.0235211.ref021],[@pone.0235211.ref026]\]. Using Actilife software (version 6.13.3) (ActiGraph, Pensacola, Florida, USA) the fully charged accelerometers were initialized to collect second to second movement counts at midnight following the first day that the children received the accelerometers; at a samplings rate of 80 HZ. Data were downloaded using ActiLife v6.13.3 (ActiGraph, Pensacola, Florida, USA) in raw format as GT3+ files and AGD files with 1 second epoch. The 24-hour protocol required sleep time to be identified and accounted for before evaluating wake wear time and generating physical activity variables of interest \[[@pone.0235211.ref051],[@pone.0235211.ref052]\]. We used the Sadeh algorithm, which is in built into the sleep scoring function in ActiLife software to identify individualised daily sleep on set and offset time for each valid day for each child \[[@pone.0235211.ref053]\]; this is a valid method for removal of sleep \[[@pone.0235211.ref054]\]. Daily sleep on set and offset time was used to create time filters in CSV files (Excel Microsoft co-operation, 2016). Time filtered files for the wake period were created and used to identify non wear time and wear time. We defined non-wear as 20 minutes of consecutive 0 counts. Sufficient wear time was determined as 4 days including 1 weekend day with ≥ 10 hours/day. The time spent in different levels of movement intensity were generated basing on the Evenson cut points as: Sedentary time (≤ 25 counts/15 s), LPA (26--573 counts/15 s), MPA (574--1002 counts/15 s) and VPA (≥1003 counts/15 s) \[[@pone.0235211.ref055]\]. These cut-offs have been recommended as the most accurate for classifying children's physical activity levels \[[@pone.0235211.ref056]\]. Time spent in MVPA was calculated as the sum of MPA and VPA. Children were classified as meeting the physical activity guidelines (sufficiently active) if their mean amount of time spent in MVPA/day was ≥60 minutes in accordance to the WHO, 2010 physical activity recommendations \[[@pone.0235211.ref004]\].

### Anthropometry {#sec010}

Each child had their height (to the nearest 0.1 cm) and body weight (to the nearest 0.1Kg) measured without shoes and with minimal clothing, using a portable stadiometer (Seca 213 portable stadiometer, Hamburg, Germany) and a digital weighing scale (Seca 869 portable electronic digital weighing scale, Hamburg, Germany) respectively following a standardised procedure. Weight status was calculated as BMI (kilograms per meter squared) and children were categorised as thin/normal weight and overweight/obese using the WHO, 2007 age and gender specific BMI percentiles \[[@pone.0235211.ref057]\].

### Socio-demographics {#sec011}

A validated questionnaire assessing children and parents' socio-demographics and neighbourhood built environment \[[@pone.0235211.ref058]\] was completed by parents/guardians. In this paper, questions that captured children and parents' socio-demographic factors were analysed. Parents reported their children's date of birth (from which the child's actual age at the time of the study was generated) and sex. The questionnaire also captured information about parents' age, sex, marital status, level of education; number of cars at home and the number of children and youth aged 6 to 17years in their homes.

Recruitment and completion rate {#sec012}
-------------------------------

Using the Daniel (1999) formula \[[@pone.0235211.ref059]\], and an expected prevalence of 21.4% obtained from a previous study by Millstein and colleagues \[[@pone.0235211.ref060]\] a sample size of 254 was generated. However, because the children were to be sampled in clusters by divisions and schools, the above sample size was multiplied by a design effect of 2 \[[@pone.0235211.ref061]\] which produced a required sample size of 500 children. To further allow for children who may fail to provide valid and/or incomplete data the enrolment target was set to 600 children. A sample of 600 children received a study package that contained an introduction letter, parent informed consent form, child assent form and a parent/guardian questionnaire to take home to their parents/guardians. Of the 600 children who were invited to participate, 400 (66.7%) had parents/guardians who completed the questionnaire and 328 (54.6%) parental/guardian consented for their children to participate in accelerometry and anthropometric assessment. Of the 328 children who obtained parental consent to wear devices, 256 had valid accelerometry data and were therefore retained for analysis. The response rate was 42.7%. We further assessed demographic characteristics of children who had valid accelerometry results (n = 256) and compared them to those who had complete questionnaire data (n = 400) and found no differences.

Data analysis {#sec013}
-------------

Continuous data such as accelerometer counts were summarised as means and standard deviations while categorical data such as sex were presented as frequencies and percentages. To test for statistical differences between physical activity intensity levels and children's socio-demographic factors, Student's t-tests with unequal variance for factors with two levels and analysis of variance (ANOVA) for factors with more than two levels were used. The two tests were run after testing for assumptions such as equality of variance using the variance ratio test and the Bartlett's test for the t-test and ANOVA respectively. A multi-level mixed effect logistic regression model adjusted for clustering at division and school level was used to examine associations between compliance with physical activity guidelines and each of the socio-demographic variables. We used a backward model fitting technique and set the inclusion into the multivariable model at a p\<0.2 and also included other factors highlighted in literature such as age and sex. Statistical significance was set at p\<0.05 and all data were analysed using STATA statistical software Version 14.2.

Results {#sec014}
=======

Accelerometer para-data {#sec015}
-----------------------

The para-data presented in [Fig 1](#pone.0235211.g001){ref-type="fig"} was generated during the process of accelerometry enrolment, data collection, management and processing \[[@pone.0235211.ref062]\]. Of the 400 hundred children who returned complete parent/guardian questionnaires, 328 (82%) obtained parent/guardian consent to participate in accelerometry. The children who met the study age criteria were 312. During the entire study, 309 children were monitored; 285 children wore the monitor once whereas 24 children had additional monitoring. After retrieval of monitors and data download 41 data files were invalid mainly due to insufficient wear (31 files), malfunction (7 accelerometers) and loss (3 accelerometers). The final locked data set had 256 files with valid wake wearing time (78% of the children who had parental consent).

![Participant flow chart reflecting accelerometry stages of participant enrollment, data collection, data processing and reasons for data loss at each stage (adapted from Tudor-Locke et al. 2015).](pone.0235211.g001){#pone.0235211.g001}

Participant characteristics {#sec016}
---------------------------

Children and parent/guardian characteristics are summarised in [Table 1](#pone.0235211.t001){ref-type="table"}. The study sample comprised 256 children/parent pairs who completed the survey and had valid accelerometer-measured physical activity data. Most of the children attended private schools (58.3%) versus public schools (41.7%). More than half of the children were females (55.9%). Majority of the children were aged 10 and 11 years old (71.5%). Approximately three quarters of the children were of thin/normal weight (79.3%). More than half (58.6%) of parent/guardian respondents were females. Most of the parents/guardians (47.1%) were in the age range of 31 to 40 years old. One in every five parents/guardians were married or living with a partner. Majority of the parents had attained a diploma/degree/postgraduate level of education (74.2%); 70.3% of the families owned a car; and most of the households studied (62.1%) had 2 to 4 children aged 0 to 17 years old. Children wore accelerometers for an average of 15.6 hours/day and 6.5 days and out of the 24 hours and 7 days respectively.

10.1371/journal.pone.0235211.t001

###### Children and parents/guardians characteristics.

![](pone.0235211.t001){#pone.0235211.t001g}

  Characteristics                             Type of school n*(%)*   Overall N(%)   
  ------------------------------------------- ----------------------- -------------- ------------
  **Children's characteristics**                                                     
  **Sex**                                                                            
  Male                                        75 (25.8)               38 (14.8)      113 (44.1)
  Female                                      75 (29.3)               68 (26.6)      143 (55.9)
  **Age (years)**                                                                    
  10                                          69 (27.0)               20 (7.8)       88 (34.8)
  11                                          56 (21.9)               38 (14.8)      94 (36.7)
  12                                          25 (9.8)                48 (18.7)      74 (28.5)
  **Weight status (Calculated as BMI)**                                              
  Overweight/Obese                            47 (18.4)               6 (2.3)        53 (20.7)
  Thin/Normal weight                          103 (40.2)              100 (39.1)     203 (79.3)
  **Parents/guardian characteristics**                                               
  **Sex**                                                                            
  Male                                        63 (24.6)               43 (16.8)      106 (41.4)
  Female                                      87 (34.0)               63 (24.6)      150 (58.6)
  **Marital status**                                                                 
  Married/Living with partner                 128 (50.0)              79 (30.9)      207 (80.9)
  Single/Widowed/Divorced                     22 (8.6)                27 (10.6)      49 (19.1)
  **Age**                                                                            
  21--30                                      5 (2.1)                 12 (5.0)       17 (7.1)
  31--40                                      70 (29.4)               42 (17.6)      112 (47.1)
  41--50                                      55 (23.1)               42 (17.6)      97 (40.8)
  51--66                                      7 (2.9)                 5 (2.1)        12 (5.0)
  **Level of education**                                                             
  Diploma/Degree/Postgraduate                 140 (54.7)              50 (19.5)      190 (74.2)
  Certificate (Ordinary and Advanced level)   10 (3.91)               56 (21.9)      66 (25.8)
  **Number of cars at home**                                                         
  None                                        12 (4.7)                64 (25.0)      76 (29.7)
  One                                         65 (25.4)               31 (12.1)      96 (37.5)
  More than one                               73 (28.5)               11 (4.3)       84 (32.8)
  **Number of youths in the Household**                                              
  0--1                                        30 (11.7)               13 (5.1)       43 (16.8)
  2--4                                        97 (37.9)               62 (24.2)      159 (62.1)
  5+                                          23 (9.0)                31 (12.1)      54 (21.1)
  **Accelerometry wear**                                                             
  \*Wear time in hours per day                16.1 (6.0)              14.9 (1.3)     15.6 (4.7)
  \*Wear days                                 6.2 (1.0)               6.3 (1.1)      6.3 (1.1)

Data presented as counts and (%) and \* means (standard deviation), N = total sample size, n = group sample size, BMI = Body Mass Index.

Physical activity intensity levels by sex, age, type of school and weight status {#sec017}
--------------------------------------------------------------------------------

The children spent most of their time sedentary (9.8±2.1 hours/day), which accounted for 64% of their wake time. They spent another 4.5±0.8 hours /day in LPA and 56±25.7 minutes/day in MVPA with more time accumulated in MPA (38.6±16 minutes/day). Children attending private schools accumulated more sedentary time (P\<0.001) compared to their peers from public schools. Children's LPA was significantly different by age (p\<0.05). We found significant sex differences in MPA (p\<0.05) and VPA (P\<0.001), with boys engaging in more MPA and VPA than girls. We also found significant differences in MPA (p\<0.001) and VPA (p\<0.001) by type of school; children attending public schools accumulated 16.4 and 9.3 more minutes/day of MPA and VPA respectively compared to their peers attending private schools. Thin/normal weight children had significantly higher amounts of MPA (p\<0.001) and VPA (P\<0.001) compared to overweight/obese children ([Table 2](#pone.0235211.t002){ref-type="table"}).

10.1371/journal.pone.0235211.t002

###### Average daily minutes of physical activity at various intensity levels by age, sex, type of school and weight status.

![](pone.0235211.t002){#pone.0235211.t002g}

  Physical Activity intensity levels (Mean \[SD\])                                                                                              
  --------------------------------------------------------------- --------------- ---------------------------------------------- -------------- ----------------------------------------------
  **Overall**                                                     590.6 (124.0)                                                  273 (48.3)     
  **Sex**[^**\#**^](#t002fn002){ref-type="table-fn"}                                                                                            
  Male                                                            606.1 (146.6)   0.089                                          272.5 (48.0)   0.783
  Female                                                          578.4 (101.6)                                                  274 (48.8)     
  **Age**[^**\^**^](#t002fn003){ref-type="table-fn"}                                                                                            
  10                                                              591.0 (112.0)   0.995                                          283.3 (44.2)   0.020
  11                                                              591.2 (142.6)                                                  272.9 (50.4)   
  12                                                              589.4 (113.5)                                                  262.1 (48.6)   
  **Type of School**[^**\#**^](#t002fn002){ref-type="table-fn"}                                                                                 
  Private                                                         617.4 (142.1)   \<0.001[\*](#t002fn003){ref-type="table-fn"}   277.1 (45.4)   0.155
  Public                                                          552.6 (78.7)                                                   268.3 (52.1)   
  **Weight status**[^**\#**^](#t002fn002){ref-type="table-fn"}                                                                                  
  Overweight/obese                                                614.4 (144.2)   0.117                                          275.3 (47.6)   0.758
  Thin/normal weight                                              584.4 (117.8)                                                  272.9 (48.6)   
                                                                  **MPA**         **P-value**                                    **VPA**        **P-value**
  Overall                                                         38.6 (16.0)                                                    17.3 (12.3)    
  **Sex**[^**\#**^](#t002fn002){ref-type="table-fn"}                                                                                            
  Male                                                            39.4 (16.3)     0.002                                          20.7 (15.2)    \<0.001[\*](#t002fn004){ref-type="table-fn"}
  Female                                                          37.9 (15.8)                                                    14.9 (8.7)     
  **Age**[^**\^**^](#t002fn003){ref-type="table-fn"}                                                                                            
  10                                                              36.9 (13.9)     0.459                                          15.9 (8.2)     0.090
  11                                                              39.4 (17.9)                                                    17.0 (11.0)    
  12                                                              39.6 (16.0)                                                    20.0 (17.1)    
  **Type of School**[^**\#**^](#t002fn002){ref-type="table-fn"}                                                                                 
  Private                                                         31.8 (12.1)     \<0.001[\*](#t002fn004){ref-type="table-fn"}   13.6 (7.0)     \<0.001[\*](#t002fn004){ref-type="table-fn"}
  Public                                                          48.2 (16.0)                                                    22.9 (15.8)    
  **Weight status**[^**\#**^](#t002fn002){ref-type="table-fn"}                                                                                  
  Overweight/Obese                                                30.0 (10.9)     \<0.001                                        11.6 (6.6)     \<0.001
  Thin/normal weight                                              40.8 (16.4)                                                    19.0 (13.0)    

SES = socio-economic status, HSES = High socio-economic status, LSES = Low socio-economic status. Analysis: mean difference,

T-Test^\#^,

One-way ANOVA^\^^,

\*p\<0.001

Children's compliance with physical activity recommendations {#sec018}
------------------------------------------------------------

WHO (2010) \[[@pone.0235211.ref004]\] recommends that children accumulate at least 60 minutes of MVPA daily. [Table 3](#pone.0235211.t003){ref-type="table"} shows children's compliance with these recommendations by age, sex, type of school and weight status. Only 36.3% of the 256 children participated in ≥ 60 minutes/day of MVPA. Significantly more males (38.9%) than females (34.3%) accumulated recommended MVPA. Significantly more children from public schools (62.3%) than their peers from private schools (18%), met the physical activity guidelines. Significantly more thin/normal weight children (42.9%) engaged in sufficient amounts of physical activity than overweight/obese children (11.3%).

10.1371/journal.pone.0235211.t003

###### Compliance with physical activity guidelines by children's sociodemographics.

![](pone.0235211.t003){#pone.0235211.t003g}

  Characteristic           Sufficient PA   Insufficient PA   P-value
  ------------------------ --------------- ----------------- ----------------------------------------------
  **Sex**                                                    
  Male n = 113             44 (38.9)       69 (61.1)         \<0.001[\*](#t003fn002){ref-type="table-fn"}
  Female n = 143           49 (34.3)       94 (65.7)         
  **Age**                                                    
  10 years n = 88          29 (32.6)       60 (67.4)         
  11 years n = 94          35 (37.2)       59 (62.8)         0.064
  12 years n = 74          29 (39.7)       44 (60.3)         
  **School Type**                                            
  Private n = 150          27 (18)         123 (82)          \<0.001[\*](#t003fn002){ref-type="table-fn"}
  Public n = 106           66 (62.3)       40 (37.7)         
  **Body Weight Status**                                     
  Overweight/obese         6 (11.3)        47 (88.7)         \<0.001[\*](#t003fn002){ref-type="table-fn"}
  Thin/normal weight       87 (42.9)       116 (57.1)        

PA = physical activity, n = subtotal,

\* p\<0.001.

Socio-demographics correlates of children's physical activity {#sec019}
-------------------------------------------------------------

Socio-demographic factors associated with meeting physical activity guidelines were presented in [Table 4](#pone.0235211.t004){ref-type="table"}. In the unadjusted model, four of the children and parents' characteristics were significantly associated with meeting physical activity guidelines. Specifically, children were more likely to meet physical activity guidelines if they attended a public school (OR = 7.5; 95% CI = 4.24--13.32), were thin/normal weight (OR = 5.88; 95% CI = 2.30--15.00); or if their mothers reported a lower level of education (OR = 3.64; 95% CI = 2.12--6.24). Lower odds of meeting guidelines were noted for children from families that owned a car (OR = 0.23; 95% CI = 0.14--0.38). In the fully adjusted model, the observed associations of weight status, maternal level of education and car ownership remained significant and their effect size remained nearly unchanged. Specifically, thin/normal weight children (OR = 4.08; 95% CI = 1.42--11.76) and children whose mothers reported lower levels of education (OR = 2.43; 95% CI = 1.84--3.21) were more likely to meet the physical activity guidelines. However, lower odds of meeting physical activity guidelines were noted in children aged 12 years (OR = 0.68; 95% CI = 0.55--0.84) and those from families that owned a car (OR = 0.31; 95% CI = 0.17--0.55). Sex was not significantly associated with meeting physical activity guidelines.

10.1371/journal.pone.0235211.t004

###### Multi-level logistic regression results for associations between children's socio-demographics and compliance to physical activity guidelines.

![](pone.0235211.t004){#pone.0235211.t004g}

  Characteristics                                             Physical Activity Guidelines n (%)   Crude OR (95% CI)   P-value              Adjusted OR (95%CI)                            P-Value             
  ----------------------------------------------------------- ------------------------------------ ------------------- -------------------- ---------------------------------------------- ------------------- ----------------------------------------------
  **[\*\*](#t004fn001){ref-type="table-fn"}Type of School**                                                                                                                                                    
  Private                                                     27 (18.0)                            123 (82.0)          1.00                                                                                    
  Public                                                      66 (62.3)                            40 (37.7)           7.52(4.24,13.32)     \<0.001[\*](#t004fn002){ref-type="table-fn"}                       
  **Sex**                                                                                                                                                                                                      
  Female                                                      49 (34.3)                            94 (65.7)           1.00                                                                1.00                
  Male                                                        44 (38.9)                            69 (61.1)           1.22 (0.71,2.11)     0.469                                          1.7 (0.98,2.97)     0.061
  **Age (years)**                                                                                                                                                                                              
  10                                                          29 (32.6)                            60 (67.4)           1.00                                                                1.00                
  11                                                          35 (37.2)                            59 (62.8)           1.23 (0.86,1.74)     0.252                                          0.86 (0.43,1.72)    0.661
  12                                                          29 (39.7)                            44 (60.3)           1.36 (0.55,3.41)     0.507                                          0.68 (0.55, 0.84)   \<0.001[\*](#t004fn002){ref-type="table-fn"}
  **Weight status**                                                                                                                                                                                            
  Overweight/obese                                            6 (11.3)                             47 (88.7)           1.00                                                                1.00                
  Normal weight                                               87 (42.9)                            116 (57.1)          5.88 (2.30, 15.00)   \<0.001[\*](#t004fn002){ref-type="table-fn"}   4.08 (1.42,11.76)   0.009
  **Marital status**                                                                                                                                                                                           
  Married/Living with partner                                 70 (33.8)                            137 (66.2)          1.00                                                                1.00                
  Single/Widowed/Divorced                                     23 (46.9)                            26 (53.1)           1.73 (0.79,3.77)     0.167                                          1.14 (0.54,2.41)    0.732
  **Mother's education level**                                                                                                                                                                                 
  Diploma/Degree/Postgraduate                                 54 (28.4)                            136 (71.6)          1.00                                                                1.00                
  Certificate (Ordinary and Advanced level                    39 (59.1)                            27 (40.9)           3.64 (2.12, 6.24)    \<0.001[\*](#t004fn002){ref-type="table-fn"}   2.43 (1.84,3.21)    \<0.001[\*](#t004fn002){ref-type="table-fn"}
  **Number of cars at home**                                                                                                                                                                                   
  None                                                        47 (61.8)                            29 (38.2)           1.00                                                                1.00                
  One                                                         26 (27.1)                            70 (72.9)           0.23 (0.14,0.38)     \<0.001[\*](#t004fn002){ref-type="table-fn"}   0.30 (0.22,0.40)    \<0.001[\*](#t004fn002){ref-type="table-fn"}
  More than one                                               20 (23.8)                            64 (76.2)           0.19 (0.05,0.76)     0.019                                          0.31 (0.17,0.55)    \<0.001[\*](#t004fn002){ref-type="table-fn"}
  **Children and youths(6 to 17 years) in the Household**                                                                                                                                                      
  0--1                                                        15 (34.9)                            28 (65.1)           1.00                                                                                    
  2--4                                                        54 (34.0)                            105 (66.0)          0.96 (0.48,1.90)     0.907                                                              
  5+                                                          24 (44.4)                            30 (55.6)           1.49 (0.53,4.21)     0.448                                                              

n = subtotal, \*\* clustered at school level,

\* p\<0.001.

Discussion {#sec020}
==========

The current study assessed accelerometer-measured physical activity intensity levels, compliance with physical activity guidelines and socio-demographic correlates of meeting physical activity guidelines among 10 to 12 years old school-going children in Kampala, city Uganda. The results showed that children spent most of their time sedentary (64%) and in LPA and less time in MVPA. Only 36.3% met the physical activity guidelines, with the proportion of meeting physical activity guidelines lower among girls, private school and overweight/obese children. The adjusted model showed that thin/normal weight children and children whose mothers reported a lower level of education were greater than twice as likely to meet physical activity guidelines; whereas older children and children from families that owned a car had lower odds of meeting physical activity guidelines.

In line with our results, literature shows that a typical physical activity pattern for children comprise of \>40% sedentary time \[[@pone.0235211.ref063],[@pone.0235211.ref064]\], a substantial amount of time in LPA \[[@pone.0235211.ref003],[@pone.0235211.ref016],[@pone.0235211.ref038],[@pone.0235211.ref063]\] and \<5% of wake time in MVPA \[[@pone.0235211.ref002]\]. For example, in a review study, Elmesmari et al. reported that children spent \>70% of their wake time in sedentary pursuits \[[@pone.0235211.ref065]\]. In Dakar Senegal, Diouf et al. reported 65% sedentary time among school children 8 to 11 years old \[[@pone.0235211.ref016]\]. Among Kenyan children, Ojiambo and colleagues found that 72% of children's wake time was sedentary time \[[@pone.0235211.ref014]\]; whereas Muthuri et al. reported 6.6 hours of sedentary time \[[@pone.0235211.ref017]\]. This is worrying because sedentary time plays a major role on poor health and overall mortality independent of participation in physical activity \[[@pone.0235211.ref066],[@pone.0235211.ref067]\]. Also, sedentary time competes for time children spend in physical activity which may hinder them from achieving the set physical activity guidelines \[[@pone.0235211.ref068],[@pone.0235211.ref069]\]. Sedentary time was particularly high among overweight/obese children. Likewise, in a systematic review, Elmesmari et al., found that sedentary time was significantly higher in obese than non-obese groups \[[@pone.0235211.ref065]\].

The consistent finding that LPA contributes a substantial amount to children's physical activity is supported by findings of the current study \[[@pone.0235211.ref003],[@pone.0235211.ref017],[@pone.0235211.ref038],[@pone.0235211.ref039]\]. LPA is linked to cardio-metabolic health in children and may be an easier substitute for sedentary time due to its light intensity \[[@pone.0235211.ref002],[@pone.0235211.ref039]\]. However, higher intensity physical activity (MPA & VPA) is linked to greater health benefits \[[@pone.0235211.ref001],[@pone.0235211.ref002],[@pone.0235211.ref070]\], particularly VPA which is favourable for obesity prevention \[[@pone.0235211.ref002],[@pone.0235211.ref038],[@pone.0235211.ref039],[@pone.0235211.ref040]\]. However, similar to literature, our results showed that children spent less time in MVPA, the highest percentage coming from MPA \[[@pone.0235211.ref016],[@pone.0235211.ref017],[@pone.0235211.ref038],[@pone.0235211.ref039]\]. Although children may not be able to sustain high intensity physical activity for a long period of time, shorter bouts of VPA may have greater health benefits than longer bouts of MPA \[[@pone.0235211.ref003],[@pone.0235211.ref070]\]. Therefore, interventions programs focusing on increasing physical activity levels (MVPA) and decrease sedentary time are needed.

The average time spent in MVPA among school-going children in Kampala was 56 minutes/day which was less than the recommended minimum of 60 minutes/day. Only 36.3% of the children met the WHO, 2010 physical activity guidelines. Literature also shows that children do not engage in sufficient amounts of MVPA \[[@pone.0235211.ref009],[@pone.0235211.ref010],[@pone.0235211.ref011],[@pone.0235211.ref016],[@pone.0235211.ref017],[@pone.0235211.ref029],[@pone.0235211.ref030],[@pone.0235211.ref041]\]. For example, results from ISCOLE, Kenya, showed that children aged 9 to 11 years recorded an average of 36 minutes/day of MVPA, and only 12.6% of the children met the physical activity guidelines \[[@pone.0235211.ref017]\]. Differences in MVPA by children's characteristics revealed that girls, private school and overweight/obese children were less likely to meet the physical activity guidelines. Sex differences in children's MVPA favoring boys have been consistently reported in literature \[[@pone.0235211.ref011],[@pone.0235211.ref016],[@pone.0235211.ref017],[@pone.0235211.ref029],[@pone.0235211.ref034],[@pone.0235211.ref035],[@pone.0235211.ref041],[@pone.0235211.ref071]\] and the present study confirms these findings. Cultural factors may explain the sex differences in children's MVPA \[[@pone.0235211.ref002]\]. Culture determines the roles taken on by boys and girls which influences their physical activity behaviour and interests \[[@pone.0235211.ref072],[@pone.0235211.ref073]\]. Furthermore, boys have higher independent mobility which provides them with more opportunities to engage in physical activity \[[@pone.0235211.ref074]\]. Similar to results from the ISCOLE study conducted in Nairobi Kenya, a higher percentage of children in public schools accumulated more MVPA compered to their peers in private schools \[[@pone.0235211.ref017]\]. The results of our study were in line with those from previous studies that a higher proportion of thin/normal weight children meet physical activity guidelines compared to their overweight/obese peers \[[@pone.0235211.ref035],[@pone.0235211.ref039],[@pone.0235211.ref065]\].

Physical activity was inversely correlated with children's weight status; specifically, overweight/obese children were unlikely to meet physical activity guidelines. This finding is consistent with literature \[[@pone.0235211.ref017],[@pone.0235211.ref029],[@pone.0235211.ref035],[@pone.0235211.ref039],[@pone.0235211.ref065]\]. Nevertheless, among urban and rural children aged 11 to 16 years in Uganda, high weight status was associated with sufficient physical activity; however, the highest weight status identified in this study was normal weight \[[@pone.0235211.ref033]\]. Inconsistent associations between physical activity and weight status have also been reported \[[@pone.0235211.ref075]\] whereas some studies found no significant associations \[[@pone.0235211.ref071]\]. The inconsistent findings may be due to the different criteria used to define weight status (WHO, US Centre for Disease Control and Prevention \[CDC\] and International Obesity Task Force \[IOTF\]) which give different estimates \[[@pone.0235211.ref065]\]. Our findings should also be viewed with caution due to a possibility of reverse causation.

The observation that older children were less likely to meet physical activity guidelines is consistent with previous studies demonstrating that children's physical activity declines with increasing age \[[@pone.0235211.ref018],[@pone.0235211.ref029],[@pone.0235211.ref070]\]. LSES (as indicated by low maternal level of education and no family car) was positively associated with meeting physical activity guidelines. A review of studies from Sub-Saharan Africa \[[@pone.0235211.ref015]\] other studies \[[@pone.0235211.ref013]--[@pone.0235211.ref017]\] reported similar results. On the contrary, studies from HICs \[[@pone.0235211.ref034],[@pone.0235211.ref036],[@pone.0235211.ref041],[@pone.0235211.ref043]\] reported positive associations between children's physical activity and HSES. The contradictory results may be explained by the different proxy indicators used to assess SES \[[@pone.0235211.ref076]\]. In addition, in LICs like Uganda it may be a necessity rather than a choice for children from LSES families to engage in physical activity; whereas for children from HSES families, technological advances like car ownership may hinder their participation in physical activity, and for them to be active may require a more deliberate initiative \[[@pone.0235211.ref077]\]. The Negative association between higher levels of maternal education and children's physical activity found in this study have been reported elsewhere \[[@pone.0235211.ref017],[@pone.0235211.ref038],[@pone.0235211.ref045],[@pone.0235211.ref078]\]. Crawford and colleagues proposed that highly educated mothers may not have time to model physical activity behaviour for their children because of full time employment \[[@pone.0235211.ref079]\]. Results of the current study also showed an inverse association between owning a car and meeting physical activity guidelines. Similar findings have been reported elsewhere \[[@pone.0235211.ref043],[@pone.0235211.ref045]\]. Owning one or more cars is a disincentive to active travel which is a major contributor to children's physical activity \[[@pone.0235211.ref017],[@pone.0235211.ref043],[@pone.0235211.ref045],[@pone.0235211.ref071],[@pone.0235211.ref080]\].

Therefore, there is need for developing effective strategies and policies with the aim of increasing physical activity levels among school going children in Kampala city and Uganda. This may be achieved by implementing strategies and policies that have been proposed by various global and regional organisations including those of the Active Healthy Kids Global Alliance (AHKGA) in the fight against the insufficient physical activity among children \[[@pone.0235211.ref081],[@pone.0235211.ref082]\]. The current study further highlighted the need for nationally representative physical activity data. The Ministry of Education and Sports in Uganda should fund the development and release of a national report card on physical activity for children in Uganda for surveillance and promotion of physical activity among Ugandan children.

A particular strength of this study was the use of accelerometers to measure children's physical activity which provided a more robust assessment than self-report measures. This is also the first study of this kind to be conducted in Uganda. However, when using accelerometers there are some limitations in quantifying physical activity of children who engage in swimming, cycling, and activities that predominantly involve upper body movements and weight lifting \[[@pone.0235211.ref083],[@pone.0235211.ref084]\]; therefore, we may have underestimated children's physical activity. However, according to the education abstract, 2014 children in Uganda rarely engage in cycling and swimming \[[@pone.0235211.ref083]\]. We also used the more liberal criteria in which participating in an average of ≥60 minutes of MVPA on all measured days was considered sufficient physical activity. It is likely that some of the children were not meeting the ≥ 60 minutes of MVPA on all 7days of the week as stated in the guidelines \[[@pone.0235211.ref004]\]. The study is also not nationally representative; therefore, the results cannot be generalized to all school-going children in Ugandan. The current study findings should be interpreted with caution given the cross sectional design which makes it impossible to infer causality and the low response rate

Conclusion {#sec021}
==========

In conclusion the current study findings revealed that children spend substantial time in sedentary pursuits and LPA and less time in MVPA. Most of the children in did not meet the physical activity guidelines of ≥60 minutes of MVPA every day. MVPA was higher among boys, public school and thin/normal weight children. Specific interventions are needed to help children in Kampala city to increase their physical activity levels; particularly girls, overweight/obese children, and children from families that have highly educated parents and own cars. Although the response rate was relatively low, this study may be important for surveillance and serve as a model for a nationwide study.

Supporting information {#sec022}
======================

###### Data set.

(XLSX)

###### 

Click here for additional data file.
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Reviewer \#1

Abstract

1\. Line 23 (and throughout the manuscript): Could the authors please use the term \"device-based\" instead of \"objective\"? The so-called \"objective measurement\" of physical activity includes several subjective calls to make by the researchers (which device to use, which analysis algorithm to use, input acceleration signal, cut-offs, etc.).

As requested we have changed the term "objective" and instead used "accelerometer measured" on line 23 and throughout the manuscript in the revised version. We did this to further specify the devise used to measure physical activity in the study.

2\. Results (lines 36/37): For sedentary behaviour and MVPA, were data normally distributed? What were the standard deviations for the estimates?

Yes, the data were normally distributed evidence shown below (Comment 6 in the materials and methods section). We have also included the standard deviations for the estimates in the revised version line 36/37 to read; Children's sedentary time was 9.8±2.1 hours/day and MVPA was 56±25.7 minutes/day.

3\. Results (lines 38/40): Were probability ratios measured or odds ratio? From the 95% CIs (0.71 - 2.11), looks like this estimate is not statistically significant.

We measured odds ratios and this has been corrected in the revised version line 40 to 43.

Yes, the estimate was not statistically significant. The p-value is 0.469 it was a typing error. We have corrected this error.

4\. Results (lines 39/40): Please define a term before using the abbreviated form. LSES = low SES? HSES = high-SES?

We thank the reviewer for pointing this out, we have corrected it (line 41/43) in the revised version.

5\. Conclusion (line 45): It seems like the authors are assuming that sedentary time would be displaced by physical activity, which can happen. However, as this paper is about the prevalence and socio-demographic correlates of physical activity, it may not be ideal for making the assumption here in the Abstract!

We agree with this and have made necessary corrections, because the correlates of sedentary time were not assessed in the current study (line 54 revised version)

Introduction

6\. Line 63 (ref 9): The authors could consider citing a more recent paper about the prevalence of insufficient physical activity among children and adolescents: Guthold et al 2020 Global trends in insufficient physical activity among adolescents: a pooled analysis of 298 population-based surveys with 1·6 million participants. The Lancet Child & Adolescent Health 4:23-35. This study has data from 16 sub-Saharan African countries. The authors should consider re-framing their study background using information from this study.

We thank the reviewer for suggesting this very important recent paper, we have included the information particularly the global statistics, those for Sub Saharan Africa (SSA) and the gender differences. We noted that the study generated most findings from self-reported data, which covered only 36% of the population in SSA and the trend of data were skewed to high income countries. Also the Global School-based Students Health Survey (GSHS) carried out in Uganda which informed this study focused on adolescents 13 to 17 years old.

However, we have re-phrased the study background as requested (Line 73/75 and 86/87 in revised version).

7\. Line 68 (ref 12): This is a debated area. The authors should use \"stronger\" evidence - meta-analysis, systematic review - to support their statement.

We have deleted this statement, given that the study is focusing on physical activity and not sedentary time as noted in reviewer comment 5 above. We could also not identify a systematic review or meta-analysis to support the statement.

8\. Line 98: The term \"subjective measure\" should be \"recall-based measure\" or \"questionnaire-based measure\".

Line 116/117 in the revised version; The term "subjective measure has been replaced with "recall-based measures"

9\. Line 106: The authors should acknowledge that \"overweight and obesity\" is not an SES measure.

Children's physical activity is consistently associated with various sociodemographic factors \[29,34,35,36\]. Various studies that used both objective and recall-based measures of physical activity consistently reported sex differences in physical activity favouring boys \[11,17,29,34,35,36,37\]. Children's physical activity has also been found to decline with increasing age \[18,29\], nevertheless non-significant associations have also been reported \[38\]. Physical activity is frequently reported to be lower among overweight and obese children \[13, 29,35,39,40,41\]. Studies on associations between SES and children's physical activity have generated inconsistent results. For example, in HICs, children from HSES families were more likely to meet physical activity guidelines \[34\] whereas in SSA children from HSES were unlikely to meet physical activity guidelines \[17\]. Physical activity is also lower among children from families that own cars \[42,43,44,45\]. However, there are inconsistent findings on the associations between parental education level and children's physical activity \[17, 36, 42,45\]. Therefore, there is still need for more research assessing the sociodemographic correlates of children's physical activity levels, particularly in SSA countries like Uganda where little research has been conducted \[11,20\]. The present study thus helped to identify children that required immediate intervention

Materials and methods:

1\. Design and Participants Recruitment subsection (line starting on 119): The authors should justify studying this age group. The recommendation for 60 min/d physical activity is for 5-17-year-old children and adolescents. Why did the authors study only children those aged 10-12 years?

We thank the reviewer for pointing out this, we have made a justification for studying this age group in line 145/147 in the revised version to read as;

As children aged 10 to 12 years old are transiting from childhood to adolescence, they gain some autonomy in decision making which is critical to declines in their physical activity \[43,44\].

Younger participants have not gained independence in choosing and guiding their activities and behaviour and are still greatly influenced (restricted by parents and guardians for several reasons). Older children are greatly influenced by the pubertal growth spurt which could have influenced several aspects also tested in our study such as weight and adiposity status

2\. Design and Participants Recruitment subsection (line 127): So, everyone in those classrooms was eligible to participate. Were there any exclusion criteria? Did the authors ask any question about health conditions that, potentially, restrict some students\' physical activity participation?

The classroom approach was meant to be as inclusive as possible so that learners do not feel left out apart from those that had conditions likely to interfere with physical activity at the time of study.

We excluded children who had physical and health conditions that limited their participation in physical activity (Line 154/155 in the revised edition)

3\. Design and Participants Recruitment subsection (line 133): Could the authors please clarify what \"during school sessions\" mean? Were data not collected during holidays?

During school session means the data were collected when children were in school and not during holidays.

The objective was to assess the children's' typical physical activity behaviour and since children spend most of their time in school the study also focused on school season (i.e. activity before school starts, during school program, after school ends and weekends) to later advise school based interventions.

4\. Participants\' Sociodemographics subsection (about SES measure; lines 168/170): I am not aware of how public-private schools operate in Kampala, and how they are viewed concerning SES. There might be several reasons for studying in a public school. I am unsure if this is an appropriate measure of SES \-- this is an unusual approach to me. The authors may consider labelling this variable as \"Type of school\" not as a proxy for SES.

We thank the reviewer for pointing this out. We have labelled this variable as type of school. However, we have used maternal level of education and car ownership as indicators of SES; that is high maternal level of education (diploma/degree/postgraduate) and households with one or more cars to represent HSES and low maternal level of education (Ordinary level/advanced level) and households with no cars for LSES.

5\. Recruitment and Completion rate subsection: How did the authors calculate the sample size for this study?

We used the Daniel (1999) formula to generate a sample size of 254. However, because the children were to be sampled in clusters by divisions and schools, the above sample size was multiplied by a design effect of 2 (Conchran,1977) which produced a required sample size of 500 children. To further allow for children who may fail to provide valid and/or incomplete data the enrolment target was set to 600 children (line 209/2140) in the revised version

6\. Data Analysis subsection (lines 182/183): Did the authors check if the data were normally distributed. If data were not normally disturbed, mean and SD would not be the appropriate summary statistics, the median and interquartile range would be.

Yes, the authors check for normal distribution using two methods the graphical and statistical. Both are presented below, the graph points normal distribution and the Schapiro Wilk test gave a p-value of 0.140 both showing normal distribution.

7\. Data Analysis subsection (line 186): Could the authors please confirm all relevant assumptions for ANOVA were met?

Yes, the all relevant assumptions where tested for and met.

1\. Normality- we used the raw data and not the normality of the errors and arrived at the same result. The example of age is shown in the graph below

2\. Independence,

Data were independent.

3\. Homoscedasticity, Using the Bartlett's test as shown below for the age variable.

8\. Data Analysis subsection (line 188): Did the regression model adjust for the nested nature of the data (i.e., a multilevel model)? Was this at the level of the division or also at the level of the school, or classroom? As the students are nested at different levels during their selection process, how the analyses account for this clustering?

Yes, the regression model did adjust for the nested nature of the data. We used a Multilevel mixed-effects logistic regression where we adjusted for both division and school (Line 231/236 in revised edition), as shown below.

melogit outcome exposure \|\| division \|\| school:, or

9\. Data Analysis subsection (lines 188/191): Did the authors include all these variables in the model? Did the authors check for collinearity? It is likely that SES (i.e., type of school), maternal education, and car ownership would have multi-collinearity as these perhaps measure the same (or a similar) construct. Including all these three variables in the same model may make the model unstable and may not give correct estimates. How did the authors build their model? Did the authors run any post-estimation diagnostic test for their model?

Yes, we checked for collinearity using the Variance Inflation Factor (VIF)s by variable as well as the overall VIF value. All these were not much greater than one suggesting no collinearity among the variables modelled.

We used the backward model building technique which allowed all variables to be evaluated at the start thus minimising negative confounding and ruling out collinearity as well as instability of the model. We also used the Akaike\'s and Schwarz\'s Bayesian information criteria (AIC and BIC) as post estimation to assess whether the final model was better than those previously fitted on our data.

10\. Data Analysis subsection (line 190): Weight status is not a socio-demographic variable.

Yes, we agree with the reviewer, however weight status in the present study was used as a primary characteristic of children.

Results:

1\. Table 1: Is there any reason to describe the participants by their type of school?

Yes, because at the design of the study, there was evidence of disparities between the two types of schools especially in terms of commuting to and from school; which directly contributed to the outcome that we sought to measure that is physical activity. Therefore, this description provides an assessment on whether there could have been any marked differences in the type of school across the factors studied such as weight status where most overweight and obese children were from private schools. This provides context for interpretation of our results.

2\. Line 249: I think the right way to express this is \"Significantly more males (38.9%) than females (34.3%) accumulated recommended MVPA\". The same applies to the rest of the paragraph.

We thank the reviewer for pointing out this, we have revised the paragraph to read; Significantly more males (38.9%) than females (34.3%) accumulated recommended MVPA. Significantly more children from public schools (62.3%) than their peers from private schools (18%), met the physical activity guidelines. Significantly more thin/normal weight children (42.9%) engaged in sufficient amounts of physical activity than overweight/obese children (11.3%). (Line 299/300 and 306/309 revised edition)

3\. Table 4 (in general): I wonder why the authors presented crude ORs.

We have corrected this and presented both crude and adjusted OR (Table 4 revised edition)

4\. Table 4 (variable sex): From the 95% CIs for \"sex\" (0.71 - 2.11) it seems like the p-value should not be 0.046.

Yes, this p-value was not 0.046, this was a typing error. We have corrected this and the p-value was 0.469.

5\. Table 4 (variable weight status): Some numbers in the cells are too small to run a logistic regression analysis. The CIs for the obese group is very wide and perhaps suggest that the model was unstable. I am not sure if combining the overweight and obese group into one would help.

We thank the reviewer for this suggestion, yes some numbers are too small, we have combined the thin and normal weight group and the overweight and obese groups. We also found a similar problem with the maternal level of education and combined ordinary level and advanced level, and diploma, degree and postgraduate.

Discussion (in general):

The methodological aspects of the paper needs to be revisited before discussing the findings.

We have made the necessary revisions in the methodology as requested and re-revised the discussion as presented in the revised version (Line 346/432).

Reviewer \#2:

Please refer to the attached reviewer comments, suggestions and questions. I think this is an important manuscript but it needs some important revisions prior to publication in my opinion. I am not sure the main statistical approach of using bivariate logistic regression was the best given the hierarchical (Individual, classroom, school) nature of these data. Although school environment is included in the analysis, the classroom is not. In light of the foregoing, I hesitate to render final judgement as to the statistical rigor of the analyses. I suggested a number of corrections hence my selecting partly on whether the manuscript is technically sound.

Overall comment: In this study, the authors describe the prevalence and examine the sociodemographic correlates of accelerometer measured physical activity levels among school-going children in Kampala, Uganda. Using a multistage random sampling method, the authors recruited 256 participants from 7 primary schools. In my view, this is an important study which is timely and provides much needed objective data on childhood physical activity in a LMIC. The school environment plays an important if not a very significant role in children's physical activity behaviors. I have identified important issues that the authors should consider making to improve their manuscript. Some parts of the methods should be expanded and made clear for the readers. Please consider having another co-author read through your manuscript for editorial reasons. There are several small but meaningful errors such as acronyms and wrong brackets for references that should be addressed

Introduction

1\. Once you have defined Physical activity as PA, Moderate-to-Vigorous Intensity Physical activity as MVPA etc., after the first time you use the acronyms, try to be consistent and do not revert to spelling out the whole word and vice versa. It is something the authors should address throughout the manuscript.

We thank the reviewer for pointing out this, it has been corrected throughout the revised version. We have changed PA into physical activity and used it throughout the manuscript.

2\. Please add "for children" on line 59: after the phrase...revised their PA guidelines.

As requested we have added "for children" on line 69 in the revised version.

3\. Line 62: after health benefits, could you please add something like "associated with regular participation in PA.

As requested we have added "associated with regular participation in physical activity" (line 72 in the revised version).

4\. Line 64: delete the word 'also' after Sallis and colleagues.

As requested we have deleted the word "also" after Sallis and colleagues (line 74 in the revised version)

5\. Add a comma after the phrase ...literature shows that in children, ...

The whole sentence was removed because it was not supported by a review study and the current study did not focus on sedentary time.

6\. References 13,14,15 on line 70, have different brackets to the rest of the references

We thank the reviewer for pointing out this and have put the square brackets (line 80 in the revised version).

7\. The sentence starting on line 82 to 85 may need to be revised. Are you suggesting that all children have limited cognition, or do you mean limited reading comprehension skills due to their age?

We meant limited reading and comprehension skills. This has been corrected in the revised version to read; Accelerometers are an alternative to self-report methods like questionnaires that are subject to recall bias and are not recommended for use among children because of their limited reading and comprehension skills due to their age \[22,23\]. (line 96/98)

8\. When referring to children, it reads a bit odd to repeatedly say 'in' maybe consider using 'among'

We have changed "in" to "among", and used it throughout the manuscript.

9\. References 13,26,31, line 100 and reference 35 on line 103 have different form of brackets

We thank the reviewer for pointing out this and have put the square brackets (references \[13, 14, 15, 16\] line 81 and reference \[38\] line 120 in the revised version).

10\. Is HSES the same as SES? If so, please use the same acronym throughout your manuscript. Otherwise define HSES the first time you use it and then be consistent after that.

High socio economic status (HSES) is different from socioeconomic status (SES). We thank the reviewer for pointing this out, we have used the same acronym throughout the manuscript.

11\. You use the acronym LICs on line 112, but I am not sure it has been defined before this mention

We have defined the acronym LICs on line 105 in the revised version and used it through out the manuscript.

12\. Line 115, consider rewording to say: Therefore, the present study....

We have reworded as suggested on line 138 in the revised version

Methods

1\. Consider starting the methods section with "This is a cross-sectional study of a representative sample of school-going children aged 10-12 years old in Kampala, Uganda".

We thank the reviewer for pointing out this, it has been considered in the revised version on line 149.

2\. Could you please substitute the word 'tribes' with perhaps 'ethnic groups'? The word tribes has colonial connotations

We have substituted the word "tribe" with "ethnic group" on line 134 in the revised version.

3\. How did you differentiate between awake non wear time and sleep time given that you are using a 24-hour protocol? Did you just lump possible sleep time and awake non wear time together because in your study you were not interested in measuring sleep duration? If so, please make that clear in your methods

We thank the reviewer for pointing out this, to address the reviewer's concerns we have included information explaining this in the revised version (line 175/181) as shown here:

4\. There is debate about the accuracy of classifying children over 5 years old as being 'underweight' rather than being 'thin' based on BMI z scores. Have authors thought The 24-hour protocol required sleep time to be identified and accounted for before evaluating wake wear time and generating physical activity variables of interest \[51,52\]. We used the Sadeh algorithm, which is in built into the sleep scoring function in ActiLife software to identify individualised daily sleep on set and offset time for each valid day for each child \[53\]; this is a valid method for removal of sleep \[54\]. Daily sleep on set and offset time was used to create time filters in CSV files (Excel Microsoft co-operation, 2016). Time filtered files for the wake period were created and used to identify non wear time and wear time.

5\. about the implications of this give their reference to WHO 2007 BMI percentiles which uses thinness for the age group being studied here?

We have corrected this throughout the manuscript, however due to the small numbers of thin children we have combined them with normal weight to thin/normal weight.

6\. Was the questionnaire validated for this population? If so please make that clear in your description of the questionnaire.

We thank the reviewer for this important question. The questionnaire was validated among adults in Uganda. We have cleared this and included it in the description of the questionnaire on line 199 in the revised version. A validated questionnaire assessing children and parents' socio-demographics and neighbourhood built environment \[58\] was completed by parents/guardians

7\. Please clarify your recruitment and response rate. Are you calculating the percentages of children with consent out of 400 or the 600? If you are calculating it from 600 then your percentages are off. The first one 66.7% is accurate but the next two need to be described accurately. For example, you could say "of the 600 who were invited to participate, 400 (66.7%) had parents who completed questionnaires...etc.

We have corrected this to read; Of the 600 children who were invited to participate, 400 (66.7%) had parents/guardians who completed the questionnaire and 328 (54.6%) parental/guardian consented for their children to participate in accelerometry and anthropometric assessment. Of the 328 children who obtained parental consent to wear devices, 256 (78%) had valid accelerometry data and were therefore retained for analysis. (Line 216/223 in the revised version).

8\. Was there a specific reason for authors to use bivariate logistic regression as opposed to some hierarchical model which would be more robust to account for the clustering at the school and classroom levels?

We used a Multilevel mixed-effects logistic regression where we adjusted for both school and division (line 231/232 in the revised version). This accounted for the hierarchical element in the data.

melogit outcome exposure \|\| division \|\| school:, or

Results

1\. Generally, it may be better to avoid the use or terms such as 'almost' and rather use approximately, about, close to...etc

We thank the reviewer for pointing out this, it has been considered throughout the manuscript.

2\. Be consistent, either use numbers or words when writing numerical data in text. For example 'One in every 5 parents/guardians'...may be better to just say one in every five...

We have corrected this in the revised version (Line 262)

3\. Do you mean approximately 'equal numbers by age'? You have three ages and as such could not be 'even'.

We thank the reviewer for pointing this out we have corrected it to read; Most of the children were aged 10 and 11 years old (71.5%). (line 258 in the revised version)

4\. Table 1: Overweight is one word.

We have corrected it; however due to the small numbers we have combined overweight and obese children.

5\. Consider using the 'merge cells' function to make your sub-heading lines one line in tables.

We have merged the cells as suggested throughout the manuscript.

6\. You are using children/participants interchangeably in your results section. Could you please pick one and be consistent with it.

We thank the reviewer for pointing out this inconsistency, we have used the word children throughout the manuscript.

7\. Line 230: 'Overall on average the children spent\...' seem awkward\... can you consider revising for readability?

We have revised the sentence to read; Most of the families studied (62.1%) had 2 to 4 children aged 0 to 17 years old. (line 275) revised version

8\. The sentence on lines 251 starting with 'Males...' is awkward, consider rephrasing it.

We have rephrased the sentence to read; Significantly more males (38.9%) than females (34.3%) accumulated recommended volumes of MVPA. (line 299 revised version

Discussion

1\. Do you think that it was overweight/obesity that caused the participants to be more sedentary or that it was the sedentariness that led to being overweight/obese? Reverse causality is a possibility isn't it? What is your comment?

The current study was not a causality study, we only sought to determine possible associations. However, it is true that reverse causality is highly possible and also the two aspects can still exist in a population. Therefore, future studies are required to further examine this. (also see comment in the revised version line 319).

Generally, well done, consider revising some statements which are awkwardly worded throughout the discussion.

We thank the reviewer for pointing out this, we have revised the awkwardly worded statements throughout the discussion as suggested.
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Dear Ms Nakabazzi,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

I would like to congratulate the author for addressing the reviewers\' comments. However, there are minor issues to review and I encourage the authors to review with detail the text to avoid spell mistakes.

We would appreciate receiving your revised manuscript by Jun 18 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Javier Brazo-Sayavera, Ph.D.

Academic Editor

PLOS ONE

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Very well done with addressing my comments. There are some minor typos, grammatical errors, and issues with the use of uppercase and lowercase letters. I\'m sure the editorial office will pick these issues up during copy editing and proofreading.

I have (almost) no further comments; just a few suggestions for the authors to consider:

1\. If possible, avoid the use of \"inactive\" or \"inactivity\", instead, use \"insufficiently active\" or \"insufficient activity\". A healthy person can not be inactive, I guess.

2\. Please clarify the response rate issue - clearly state \"The response rate was XX%\". Consider adding a few sentences about a seemingly low-response rate in the discussion (limitations) section.

3\. In the Discussion section, please comment on the policy implications of these findings. How the results can be instrumental in informing active lifestyle strategies in Uganda, what policy initiatives may be required, how the government can align their efforts with the global community, e.g., WHO, Active Healthy Kids Global Alliance. The authors may wish to read Aubert et al. (2018) Global Matrix 3.0 Physical activity report card grades for children and youth: Results and analysis from 49 countries. Journal of Physical Activity and Health 15 (Supplement 2), S251-S273. I would encourage the authors to add a dedicated paragraph on \"Implications for future research and policy\" in the Discussion section before the Limitations of the study (no subheading required).

Reviewer \#2: The authors have sufficiently addressed all comments and questions I raised. I have no further questions nor concerns with this manuscript.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

10 Jun 2020

Academic Editor:

No comments provided

Reviewer \#1

A. Very well done with addressing my comments. There are some minor typos, grammatical errors, and issues with the use of uppercase and lowercase letters. I\'m sure the editorial office will pick these issues up during copy editing and proofreading.

We thank the reviewer for pointing out this, we have addressed the typing and grammatical errors, and the use of upper case and lower case throughout the manuscript.

B. I have (almost) no further comments; just a few suggestions for the authors to consider:

1\. If possible, avoid the use of \"inactive\" or \"inactivity\", instead, use \"insufficiently active\" or \"insufficient activity\". A healthy person cannot be inactive, I guess.

We thank the reviewer for this suggestion, it has been corrected throughout the revised version. We have changed the words "inactive or Inactivity" to "insufficiently active or insufficient activity" and used them throughout the manuscript.

2\. Please clarify the response rate issue - clearly state \"The response rate was XX%\". Consider adding a few sentences about a seemingly low-response rate in the discussion (limitations) section.

We thank the reviewer for pointing this out we have clarified the response rate issue and clearly stated it as; "The response rate was 42.7% (line 199-200 in the revised version). Also the low response rate has been included in the study limitations (line 398 in the revised version).

3\. In the Discussion section, please comment on the policy implications of these findings. How the results can be instrumental in informing active lifestyle strategies in Uganda, what policy initiatives may be required, how the government can align their efforts with the global community, e.g., WHO, Active Healthy Kids Global Alliance. The authors may wish to read Aubert et al. (2018) Global Matrix 3.0 Physical activity report card grades for children and youth: Results and analysis from 49 countries. Journal of Physical Activity and Health 15 (Supplement 2), S251-S273. I would encourage the authors to add a dedicated paragraph on \"Implications for future research and policy\" in the Discussion section before the Limitations of the study (no subheading required).

We thank the reviewer for suggesting this very important paper, we have included a paragraph in the discussion section on strategies to increase physical activity and policy implications of the current study results to read as;

"Therefore, there is need for developing effective strategies and policies with the aim of increasing physical activity levels among school going children in Kampala city and Uganda. This may be achieved by implementing strategies and policies that have been proposed by various global and regional organisations including those of the Active Healthy Kids Global Alliance (AHKGA) in the fight against the insufficient physical activity among children \[81,82\]. The current study further highlighted the need for nationally representative physical activity data. The Ministry of Education and Sports in Uganda should fund the development and release of a national report card on physical activity for children in Uganda for surveillance and promotion of physical activity among Ugandan children".

Reviewer \# 2

The authors have sufficiently addressed all comments and questions I raised. I have no further questions nor concerns with this manuscript.
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Dear Dr. Nakabazzi,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Javier Brazo-Sayavera, Ph.D.

Academic Editor

PLOS ONE

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author
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